.
In previous work, we found that the K/M (dsh 1 ) mutation of the DEP domain of Dishevelled reduces its Because many small GTPases are activated by translocation to the cell membrane, Dishevelled could poability to activate Rac [5] . The K/M mutation has also been reported to disrupt membrane localization of Ditentially activate small-GTPase signaling during convergent extension simply by translocating Rho or Rac shevelled [10] . It is possible that the K/M point mutant fails to activate Rac simply due to a failure of memto the cell membrane. To test this possibility, we coexpressed RhoA-GFP or Rac-GFP with Xdsh-MA. We brane localization. However, Dvl-KM-caax, which harbors this point mutation but is constitutively targeted found that Xdsh-MA had no effect on the subcellular distribution of RhoA-GFP or Rac-GFP (Figures 3B to the cell membrane ( Figures 1F and 1G ), failed to significantly activate Rac in VMZ explants, whereas wildand 3C).
As a further test of its activity, we expressed Xdshtype Dvl-caax activated Rac robustly ( Figure 3D We reason that if absolute levels of signal in the cell were critical, then nontargeted Dishevelled or membrane-targeted Dishevelled would elicit equivalent, gainof-function phenotypes at a given dose. In contrast, if polarized localization at the membrane were important, then the membrane-targeted Dishevelled would elicit a more severe phenotype than nontargeted Dishevelled at a given dose.
We observed that at equivalent doses, Dvl-KM-caax elicited significantly more-severe defects than did wildtype Dvl-1 (Figures 4A-4D) . We observed the identical result with Dvl-caax (data not shown). To confirm that the membrane-targeted Dvl constructs elicited gain-offunction and not loss-of-function, we expressed a low dose with or without coexpressed wild-type Xdsh. Coexpression of wild-type Xdsh did not rescue but instead dramatically enhanced the convergent-extension defects of membrane-targeted Dvl ( Figure 4E ). These data are consistent with the idea that proper localization, rather than the absolute level, of PCP signaling is essential for normal convergent extension.
Both Membrane-Targeted or ConstitutivelyCytoplasmic Dishevelled Can Potently Activate Canonical Wnt Signaling
Finally, we used secondary axis induction assays to test the ability of mitochondrial-anchored and membrane-targeted Dishevelled to activate canonical Wnt Dishevelled potently induced transcription of Xnr-3 and siamois ( Figure 5C ). Thus, at equivalent doses, both mitochondria-anchored and membrane-anchored Dishevelled activated canonical Wnt signaling more rocase it remains possible that such accumulation could bustly than did equivalent amounts of wild-type Direflect a consequence rather than a cause of cell polarshevelled ( Figure 5C ). ity (e.g., [12] ). We have so far not been able to consisThese data demonstrate that activation of canonical tently observe polarized accumulation of Dishevelled at Wnt signaling is not affected by subcellular positioning the membrane in vertebrate cells prior to overt morphoof Dishevelled protein; instead, they argue that it is the logical polarization (J.B.W., unpublished data).
local concentration of Dishevelled protein that is imporEvidence for localized-membrane accumulation can tant for canonical signaling. be gleaned from the findings that both gain-and lossof-function manipulations of Dishevelled signaling result in disruption of mediolateral cell polarity and conConclusion We have manipulated the subcellular localization of Divergent extension [4, 9, 30] . This result can be explained if endogenous Dishevelled is normally polarized shevelled (Figures 1 and 2) , forcing accumulation at the cell membrane or in the cytoplasm. Our results with at the cell membrane and the additional exogenous Dishevelled distributes along the cell membrane evenly, Xdsh-MA demonstrate that Dishevelled is required at the cell membrane for regulation of cell polarity and abolishing such polarity. On the other hand, this result 
